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(57) Abstract 

Disclosed is a radiation detector which includes at least one photoconductive detector (6) and a modulator (2), which modulates in 
an on-off manner radiation passing to the photoconductive detector (6) from a radiation source (4). A bias source (8) is connected to one 
terminal of the photoconductive detector (6). A first amplifier (17) is connected to the other terminal of the photoconductive detector (6), 
and a second amplifier (34) receives an output of the fir^t amplifier (17). A first phase detector (36) detects the phase of modulation of 
the radiation source (4) by the modulator (2) and generates a reference signal relating thereto. A switch (34) in the second amplifier (24) 
changes, in response to the reference signal generated by the first phase detector (36). the second amplifier between an inverting state and 
a non-inverting state as the modulator (2) changes the phase of modulation of the radiation. 
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SYNCHRONOUS DETECTION SYSTEM FOR 
MULTICHANNEL INFRARED SPECTROSCOPY 

BACKGROUND OF THE INVENTION 
1 • Field of the Invention 

This invention relates to radiation detectors 
and, more particularly, to the synchronous detection of 
infrared radiation using a plurality of photoconduct ive 
detectors . 

2 . Background Art 

The use of photoconduct ive detectors for 
measuring radiation is well known. Because of their high 
sensitivity, photoconduct ive detectors such as PbS and PbSe 
are particularly effective in measuring infrared radiation. 
Detection of infrared radiation is used by the military for 
tracking warm vehicles and in night vision devices, is used 
by medical instrument manufacturers for measuring glucose 
and other body constituents in a non- invasive manner and is 
used by scientific instrument manufacturers for measuring 
chemical composition and structure. 

In general, the resistance of the photoconduct ive 
detector changes when the radiation falls on its surface. 
Resistance changes can be measured as an electrical signal 
change and the intensity of the detected radiation can be 
estimated by the magnitude of resistance change. 

Photoconductive detectors typically require a 
bias current or voltage to operate, such as a direct 
current bias. The sensitivity of the detector is 

proportional to the magnitude of the applied bias. It is 
preferred to supply a high bias to such a detector to 
increase its sensitivity and to overcome the noise of the 
electronics associated with the detector in an overall 
detection system. 

The bias voltage applied to a photoconductive 
detector also causes current to flow in the absence of 
incident radiation. This current, referred to as the "dark 
current" or "dark signal", is usually large when compared 
to the current changes resulting from incident radiation. 
The detection of the small, radiation related signal, which 
is added to the large, dark signal, is often difficult. In 
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addition, this dark signal is often the source of most of 
the noise in a detection system. 

Synchronous detection is frequently used to 
overcome the problems associated with the dark signal , The 
incident radiation is modulated at some frequency, which 
results in a radiation related signal generated by the 
photoconductive detector which is also a modulated signal. 
The desired radiation related signal can be separated from 
the DC dark signal with a DC blocking element such as a 
capacitor. The modulation frequency can be chosen in a 
region where the noise from the dark signal is low. The 
bandwidth of the detection system can be made narrow so 
that the fraction of the noise in this bandwidth is small. 
Synchronous detection provides additional filtering of the 
component of the noise that is at the modulation frequency 
but which is at the wrong phase. 

A common narrow- band synchronous AC filter used 
for this purpose is the lock-in amplifier. In a typical 
lock-in amplifier, a capacitor is first used to separate 
the AC signal from the combined AC and DC signal. The 
separated AC signal is then rectified in synchronism with 
an external reference from the radiation modulation source. 
In its most basic form, the lock- in amplifier includes a DC 
blocking capacitor, an AC amplifier, an inverting AC 
amplifier, a multiplexer and an integrator. The 
multiplexer selects either the amplified signal or the 
amplified and inverted signal, depending on the value of 
the modulation related reference signal. The output of the 
multiplexer is a synchronously rectified DC signal that is 
supplied to the integrator. 

When using a radiation detection system including 
a plurality of separate photoconductive detectors, each 
detector will require a separate circuit to capture the 
radiation related signal for that detector element. In 
such an application where it is desired to simultaneously 
process the signals of many photoconductive detectors, 
lock- in amplification has not been used. Such an 
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arrangement would require too many separate components for 
each photoconductive detector and is too expensive to 
implement. As discussed above, for a lock-in amplification 
system, each photoconductive detector requires a blocking 
5 capacitor, two amplifiers, a multiplexer and an integrator. 
This is a large component requirement for a compact and 
efficient system. The method used in the past in such a 
system including a plurality of photoconductive detectors 
has been subtraction of the dark signal followed by 

10 amplification, integration and multiplexing of the 
integrated signal from several detectors to one output . 

It is an object of the present invention to 
provide a synchronous detection system for use with a 
plurality of separate photoconductive elements, but in an 

15 arrangement which does not require a large number of 
elements for operation. It is also an object of the 
present invention to synchronize the signal collection 
aspects of the detection system with the operation of the 
radiation modulator . 

2 0 SUMMARY OF THE INVENTION 

In accordance with our invention, we replace the 
typical components of a lock-in amplifier, including the 
inverting amplifier, non-inverting amplifier and 
multiplexer, with a single amplifier and switch. Depending 

25 on the position of the switch, the amplifier feedback loop 
changes from an inverting to a non-inverting configuration. 
As a result, the input signal appears on the amplifier 
output with the same phase or with the phase changed 180* 
compared to the input. This is equivalent to multiplying 

30 the input signal by +1 or -1, depending on the phase. The 
switch action is controlled by a reference signal supplied 
by the modulator and in phase with the radiation 
modulation. The switch, combined with the amplifier and 
the control by the reference signal, performs the same 

35 function as two amplifiers and a multiplier would perform 
in a typical lock- in implementation. 
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In addition, our invention can improve the signal 
processing by supplementing a low pass filter action with 
a digital signal averaging process. An averaging algorithm 
introduces an additional filtering of the noise and higher 
5 signal harmonics or other interfering signals. This 
results in overall improved signal quality. In addition, 
we can improve overall performance in our invention by 
synchronizing all system components, including an analog- 
to-digital converter, chopper wheel rotational speed and 

10 analog signal processing. This results in attenuation of 
the unwanted signals resulting from interference and from 
system inaccuracies such as chopper jitter and noise. 

The reference signal for controlling the switch 
in the amplifier is preferably derived from a phase 

15 detector, such as an optointerrupter , associated with the 
modulator, such as a chopper wheel. Separate phase 
detection in this manner, as compared to typical 
implementations where the reference signal is derived from 
the modulated signal itself, offers lower noise and is 

20 independent of the signal level. A controller for a 
chopper wheel motor is preferably referenced to a master 
clock, which also controls an analog- to-digital converter 
that digitizes the radiation related signals from the 
various photoconductive detectors. In this way, the 

2 5 overall operation of the system is synchronized to the data 
sampling and to the analog- to-digital conversion. This 
allows for implementation of an averaging algorithm which 
minimizes the chopper periodic noise and random jitter. 
The amplifier and switch section is preferably followed by 

30 a low pass filter which operates to limit signal bandwidth 
and to filter out higher frequency noise components. This 
filtering is supplemented by the digital averaging which is 
optimized to attenuate higher signal harmonics. 

Preferably, the controller for the chopper wheel 

35 motor is based on an optical encoder associated with the 
chopper wheel . The motor control is based on a phase 
locked loop and employs a PID controller which performs 

- 4 - 
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signal proportional amplification, integration and 
differentiation. The motor controller uses a frequency- 
generated by the master clock as a reference and maintains 
the frequency and phase of the chopper wheel at a constant 
level. In this way, the operation of the overall system is 
synchronized to the master clock and the actual radiation 
and sampling frequency. 

The averaging algorithm used in one embodiment of 
our invention takes advantage of the synchronous data 
acquisition system described above. The averaging can be 
represented as a filter described in the frequency domain 
by the sync function. Maintaining a fixed integer number 
of samples per channel per given integer number of chopper 
wheel rotations results in filtering of all major signal 
harmonics. A whole number is preferably used to establish 
a relation between the rotation of the chopper wheel and 
the analog signal sampling rate. This allows positioning 
of the switch/amplifier frequency in such a way that 
interfering frequencies are removed away from the signal 
band. Only higher interfering harmonics can alias back 
into the signal, but their power is very low. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of one embodiment 
of a radiation detection system in accordance with the 
present invention; 

FIG, 2 is a plan view of one embodiment of a 
chopper wheel used in the system shown in FIG. 1; 

FIG. 2A is an enlarged view of area A shown in 

FIG. 2; 

FIG. 3 is a plan view of a second embodiment of 
a chopper wheel used in the system shown in FIG. 1; and 

FIG. 3A is an enlarged view of area B shown in 

FIG. 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
One embodiment of a radiation detection system in 
accordance with the present invention is shown in FIG. 1. 
An optical modulator, such as a rotating chopper wheel 2, 
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is used to modulate the intensity of radiation from a 
radiation source 4 in a square wave or on-off manner. The 
radiation from the radiation source 4 and passing to the 
chopper wheel 2 is shown by reference number 3 . The 
5 modulated radiation is shown by reference number 5. The 
modulated radiation 5 may pass through a human patient or 
other object (not shown) and is then supplied to a 
photoconductive detector 6 which, in a preferred 
embodiment, is included in an array of a plurality of 

10 similar photoconductive detectors. While only one 

photoconductive detector 6 is shown in FIG. 1, it is to be 
understood that a typical array will include a large number 
of such photoconductive detectors. One terminal of the 
photoconductive detector 6, referred to as the input 

15 terminal, is attached to a bias source 8, such as a DC 
voltage bias source. The electrical signal developed by 
the photoconductive detector 6 caused by radiation incident 
thereon is supplied from an output terminal to a 
preamplifier 9 formed of amplifier 10 and feedback resistor 

20 12, The output of the preamplifier 9 is supplied through 
a high pass filter 13 formed of capacitor 14 and resistor 
16 and to a first amplifier 17 formed of amplifier 18, 
resistor 20 and capacitor 22. The output of the first 
amplifier 17 is supplied to a second amplifier 24 whose 

25 operation will be discussed hereinafter in more detail. At 
the output of the high pass filter 13, the signal typically 
appears as a square wave with zero mean value. Typically, 
the positive part of the square wave corresponds to the 
period when the modulated radiation 5 is passed to the 

3 0 photoconductive detector 6, while the negative part of the 
square wave corresponds to the absence of light on the 
photoconductive detector 6, due to the blocking function of 
the chopper wheel 2. This AC signal generated by the 
photoconductive detector 6 is further amplified by 

35 pre vtiplif ier 9 and the first amplifier 17 and directed to 
the input of the second amplifier 24 . 

- 6 - 
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The output from the first amplifier 17 is 
supplied separately through parallel resistors 26 and 28 to 
the negative and positive input terminals, respectively, of 
operational amplifier 30. Resistor 32 extends between the 
5 output terminal of operational amplifier 30 and its 
negative terminal. A controllable switch 34 extends 
between the positive terminal of operational amplifier 30 
and ground. Together, operational amplifier 30, resistors 
26, 28 and 32, and switch 34 form the second amplifier 24. 

10 A first phase detector 36, such as an 

optointerrupter , is associated with the chopper wheel 2 and 
is used to detect the phase of the modulated- radiation 5 
passing through the chopper wheel 2 and impinging on the 
photoconductive detector 6 . A typical optointerrupter has 

15 an LED and detector on opposite sides of the chopper wheel 
2 and aligned with the portion of the chopper wheel 2 
performing the modulation of the radiation 3 from the 
radiation source 4. The first phase detector 36 supplies 
a reference or control signal 37, which can be amplified at 

20 amplifier 38, to the switch 34 in the second amplifier 24. 
As shown by arrow 40 in FIG. 1, the amplified reference 
signal 37 is also supplied to a switch 34 in each second 
amplifier 24 associated with the other photoconductive 
detectors 6 in the multi-detector array. When the 

25 transition of modulated radiation 5 occurs from "off" to 
"on", or from "on" to "off", the reference signal 3 7 causes 
the switch 34 to change its state from open to closed or 
vice versa. When switch 34 conducts or is closed, and 
considered to be in the "on" state, operational amplifier 

30 30 is configured as an inverting amplifier with a gain of 
-1. When switch 34 is open or does not conduct, and 
considered in the "off" state, operational amplifier 30 has 
the same signal from the first amplifier 17 applied to both 
positive and negative input terminals. Since the positive 

35 input amplifies its signal with a gain of two, while the 
negative input terminal amplifies its signal with a gain of 
-1, the net output of operational amplifier 30 is equal to 

- 7 - 
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the sum of these two signals for a total amplifier gain 
equal to +1. In other words, switching the state of switch 
34 between open and closed, as controlled by the reference 
signal 38 generated by the first phase detector 36, which 
5 detects the phase of the modulated radiation 5 to the 
photoconductive detector 6, causes the second amplifier 24 
to switch between a non-inverting configuration to an 
inverting configuration and vice versa. This operation is 
equivalent to rectification of the signal. 

10 This multiplier action, as enhanced by the high 

pass filter 13, forms a synchronous demodulator and 
effectively converts the AC signal generated by the 
photoconductive detector 6 into a DC voltage proportional 
to the modulated input radiation intensity. It should be 

15 noted, however, that only a signal to the second amplifier 
24 which has the same phase and frequency as the modulated 
radiation 5 detected by the first phase detector 36, i.e., 
the reference signal 37, is converted to a DC voltage in 
the second amplifier 24 . All other signal and noise 

2 0 components generated by the system and supplied to the 

second amplifier 24 are converted to an AC signal with a 
different frequency since at the output of the second 
amplifier 24 all signals are shifted in frequency by the 
value equal to the frequency of the reference signal 3 7 

25 measured by the first phase detector 36. This operation 
facilitates further processing of the output signal from 
the second amplifier 24 by means of a low pass filter. 

As shown in FIG, 1, the output of the second 
amplifier 24 is passed to a low pass filter 41 formed of 

30 resistors 42, 44, 46, capacitors 48, 50 and 52 and 
amplifier 54. In a preferred embodiment, the low pass 
filter 41 is a three pole active filter with a sixteen Hz 
corner frequency and sixty dB per decade roll off. The low 
pass filter 41 attenuates all frequencies with the 

3 5 exception of those that are within the DC to sixteen Hz 

bandwidth or other upper frequency cutoff as designed. The 
outputs of the various low pass filters 41 associated with 

- 8 - 
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each photoconductive detector 6 in an array are supplied to 
separate input terminals of a multiplexer 5 6 which performs 
time multiplexing for all of the channels supplied thereto. 
The output of the multiplexer 56 is buffered by an internal 
5 buffer amplifier and supplied to an analog- to-digital 
converter 58. The output of the analog- co-digital 

converter 58 is supplied, in a preferred embodiment, to a 
digital signal processor 60 where the collected digital 
data can undergo digital averaging or the like. 

10 The sampling rate of the analog- to-digital 

converter 58 is developed from a master clock 62 by 
dividing some integer or whole number, which is eighty in 
one implementation of the invention. The sampling rate of 
the analog-to-digital converter 58, when divided by the 

15 number of sampled channels in the array of photoconductive 
detectors 6, produces a sampling rate per channel. The 
sampling rate per channel and the rate of rotation of the 
chopper wheel 2 are chosen in such a way as to allow for 
the existence of a rational number s/n, where s is an 

20 integer number of samples per channel and n is the number 
of rotations of the chopper wheel 2 for the same time. 

In one embodiment, the chopper wheel 2 is a 
slotted disk as shown in FIGS. 2 and 2A. The disk includes 
a number of evenly spaced and equally sized holes referred 

2 5 to as radiation beam chopping holes 64 to modulate .the 

radiation 3 from the radiation source 4 and a larger number 
of smaller and evenly spaced holes, referred to as encoder 
holes 66, to detect the angular position or phase of the 
chopper wheel 2 . FIGS . 2 and 2A show an arrangement which 

3 0 includes one hundred encoder holes 6 6 located along the 

outer peripheral edge of the chopper wheel 2 and five 
evenly spaced radiation beam chopping holes 64 located 
adjacent the encoder holes and inwardly toward the center 
thereof. The center of the chopper wheel 2 includes a 
3 5 shaft hole 6 8 surrounded by a number of mounting holes 6 9 
for securely attaching the chopper wheel 2 to a motor shaft 
or other rotation mechanism. The first phase detector 36 

- 9 - 
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will be associated with the radiation beam chopping holes 
64 as these are the holes in the chopper wheel 2 which 
modulate the radiation 3 from the radiation source 4, 
FIGS, 3 and 3A show an alternate embodiment in which ten 
separate radiation beam chopping holes 64a and the same 
number of encoder holes 66 are included. It can be seen 
that the radiation beam chopping holes 64a in FIGS. 3 and 
3A are half the angular length of the radiation beam 
chopping holes 64 shown in FIG. 2. In addition, an even 
number of encoder holes 66 are associated with each 
radiation beam chopping hole 64 or 64a. In the FIG. 2 
embodiment, ten encoder holes 66 are associated with each 
radiation beam chopping hole 64. In the FIG, 3 embodiment, 
five encoder holes 66 are associated with each light beam 
chopping hole 64a. 

With continued reference to FIG. 1, the chopper 
wheel 2 is preferably driven by a DC motor 70 having a 
shaft 72 attached thereto. A second phase detector 74, 
such as an optointerrupter , is used to detect the phase or 
speed or rotation of the chopper wheel 2. In a preferred 
embodiment, the second phase detector 74 carries its own 
radiation source, such as an LED, and a detector for making 
this measurement. The second phase detector 74 would be 
associated with the encoder holes 66 in the chopper wheel 
2 shown in FIGS. 2 and 3. The on-off signal generated by 
the second phase detector 74 is passed to a comparator 76 
which has its output connected to one input of phase 
detector 78. The other input of phase detector 78 is 
supplied with a reference frequency developed by a "divide 
by n" circuit 80 which receives a reference frequency from 
the master clock 62. The output of the phase detector 78 
is proportional to the phase difference between the 
reference frequency of the master clock 62 and the 
frequency of the signal developed by the second phase 
detector 74, which is related to the speed of rotation of 
the chopper wheel 2. The output of phase detector 78 is 
supplied to the input of a PID (proportional integral 
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derivative) controller 82 which amplifies this signal and 
corrects its phase. The output of the PID controller 82 is 
connected to a motor driver 84 which controls the operation 
of the motor 70 which is rotating the chopper wheel 2. By 
5 appropriately setting the "divide by n" circuit 80 and 
other elements, the rotation of the chopper wheel 2 can be 
precisely controlled . 

Digital signal averaging included in the digital 
signal processor 60 in the present invention averages the 

10 value of many different data points for the various 
channels. The number of samples per given channel, which 
is used to calculate an average, is selected to be timewise 
equivalent to an integer number of the rotation of the 
chopper wheel 2. This results in a reduction of the 

15 chopper jitter and aliasing of the higher signal harmonics 
into a pass band, due to the properties of the averaging 
function. In this manner, digital averaging supplements 
the action of the second amplifier 24 and associated low 
pass filter 41 and improves the overall signal-to-noise 

20 ratio. In addition, the entire system is controlled by 
means of one master frequency in the master clock 62. All 
signals are locked to the fre.quency of the master clock 62, 
or a frequency created by integer division of the frequency 
of the master clock 62 . Such an arrangement minimizes the 

25 ambiguity of phase between the controller for the chopper 
wheel 2, the second amplifier 24 and the analog- to-digital 
converter 58. The removal of this phase ambiguity greatly 
increases the achievable signal-to-noise ratio, by allowing 
almost perfect sampling of an integer number of cycles of 

30 the desired signal. 

Having described above the presently preferred 
embodiments of the present invention, it is to be 
understood that the invention may be otherwise embodied 
within the scope of the appended claims. 



- 11 - 
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We claim : 

1. A radiation detector comprising at least one 
photoconductive detector, a modulator which modulates in an 
on-off manner radiation passing to said photoconductive 
detector from a radiation source, a bias source connected 
5 to one terminal of the photoconductive detector, a first 
amplifier connected to the other terminal of the 
photoconductive detector, a second amplifier which receives 
an output of the first amplifier, a first phase detector 
which monitors the phase of modulation of the radiation 

10 source by the modulator and generates a reference signal 
relating thereto, a switch means in said second amplifier 
which, in response to the reference signal generated by the 
first phase detector, changes the second amplifier between 
an inverting state and a non-inverting state as the 

15 modulator changes the phase of modulation of the radiation, 
an analog-to-digital converter which receives an output 
from the second amplifier, a second phase detector which 
monitors the operation of the modulator, a control means 
for controlling, in response to the second phase detector, 

20 the operation of the modulator, and a master clock which 
supplies a control frequency to the control means and to 
the analog-to-digital converter. 

2 . The radiation detector of claim 1 further 
including a low pass filter which receives an output signal 
from the second amplifier and supplies a filtered signal to 
the analog- to-digital converter, 

3 . The radiation detector of claim 1 further 
including a high pass filter which receives an output 
signal from the photoconductive detector and supplies a 
filtered signal to the first amplifier. 

4. The radiation detector of claim 1 further 
including a plurality of photoconductive detectors each 

- 12 - 
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receiving radiation from the radiation source as modulated 
by the modulator, with the bias source connected to each 
5 photoconductive detector, and with each photoconduct ive 
detector having an associated first amplifier and second 
amplifier with switch means, with the first phase detector 
supplying the reference signal to and controlling the 
switch means in each second amplifier, with an output 
10 signal generated by each second amplifier supplied to a 
multiplexer, and with an output signal generated by the 
multiplexer supplied to the analog- to-digital converter. 

5. The radiation detector of claim 4 further 
including a low pass filter associated with the output of 
each second amplifier and supplying a filtered signal to 
the multiplexer, 

6. The radiation detector of claim, 4 further 
including a high pass filter associated with the output of 
each photoconductive detector and supplying a filtered 
signal to the associated first amplifier. 

7. The radiation detector of claim 4 further 
including a digital signal processor which receives an 
output signal from the analog- to-digital converter. 

8 . The radiation detector of claim 4 wherein 
the modulator is a chopper wheel having a plurality of 
evenly spaced radiation beam chopping holes which control 
the radiation supplied to the photoconductive detectors and 

5 wherein the first phase detector is a first optointerrupter 
associated with the radiation beam chopping holes. 

9. The radiation detector of claim 8 wherein 
the reference signal generated by the first optointerrupter 
is amplified before it is supplied to the switch means 
associated with each of the second amplifiers. 
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10 . The radiation detector of claim 8 wherein 
the chopper wheel includes a plurality of encoder holes 
evenly spaced along an outer peripheral edge thereof and 
wherein the second phase detector is a second 

5 optointerrupter associated with the encoder holes. 

11. The radiation detector of claim 10 wherein 
the encoder holes are substantially smaller than the 
radiation beam chopping holes, wherein the chopper wheel 
includes substantially more encoder holes than radiation 

5 beam chopping holes and wherein the ratio of encoder holes 
to radiation beam chopping holes in the chopper wheel is a 
whole number . 

12. The radiation detector of claim 11 wherein 
the chopper wheel includes at least ten times as many 
encoder holes as radiation beam chopping holes. 

13. The radiation detector of claim 11 wherein 
the chopper wheel includes five radiation beam chopping 
holes and one hundred encoder holes. 

14. The radiation detector of claim 11 wherein 
the chopper wheel includes ten radiation beam chopping 
holes and one hundred encoder holes. 



- 14 - 



BNSOOCIO: <WO 9731 245A1 > 



wo 97/31245 



# 

1/2 



PCT/US97/02637 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCID:<WO 9731245A1> 




2/2 



PCT/US97/02637 



2 




\ 



s 





# 



inteiwatWnal search report 



Intcmationai appbcalion No. 
PCT/US97/02637 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :GOU 1/00; HOIL 25/00 
US CL .250/208.2» 232. 332 
According lo Intcmaiionat Patent Ciassiflcation (IPC) or lo both national classification and IPC 



B. HELDS SEARCHED 



Mimmum documentation searched (cUasification system followed by classification symbols) 
U.S. : 250/20g.2, 232, 332, 233, 229, 205, 201.1, 55U 214R, 214A. 214C. 338.1, 338.3 



Documentation searched other than minimum documenution to the extent that such documenu are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS 

search terms: photoconductor, modulate, nnodulation, nnodulating, dark current, dark signal, light chopper, light 
chopping 



DOCUME^^TS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 3,707,329 A (JAECKLIN ET AL) 26 December 1972, see 
entire document. 

US 4,616.210 A (FERBER ET AL) 07 October 1986, see 
entire document. 

US 4.808,822 A (MANNING ET AL) 28 February 1989, see 
entire document. 



1-14 



1-14 



1-14 



I ) Further documents are listed in the continuation of Box C. | | See patent family annex. 



•o* 

.p. 



rtfmmrwit dcfipjat ibe fcoenl ttau of the vt which it not oOTuidcred 
to be of particuhtf relevciioc 

•ftHier >> j .t ^mA U ^m*^ on of after Ihe inicraeboiid filmf date 

*lo <i — ml which m»y chxow dooto on pnarHy cUtnoM or whieh » 
citod to rliihlMh the pabhoitMMi date of •nother cintioe or other 
■pooat rniiin («■ «pori fi eJ) 

d onurm refernif to «a onA i»ekmm, uee. r rf uh i boo or o4her 



Isier docuncnl publiahed alter (be iptrmettOMl fUiog date or pnority 
date and not m oon/lict with dte appLoackm Nit cited to underated the 
priacipfo or theory undertymc the t avc tt tioe 



-X' 



•Y" 



donmmt of porticulv rekvaooe; the daimed mvcnboo cwumM be 
cooaidered oovct or cacmot be cooaidered to involve an mveative ctcp 
wbea the docimieBt m taken aJooe 

t of particular rekevaoee; ihe claimed mvcDtioo cniutot be 
to kivotve an inventive Aep when the docinnent it 
combi ned wiA one or more o«ber aucfa documeoti. «uch cenbtnatioQ 
beiAC ofavkmi to a penoa akilled in the art 



of the f 



: p***Ti T family 



Date of the actual comptetion of the international search 
10 APRIL 1997 



Date of mailing of the intemationaJ search report 




0 1 MAY 1997 



Name and mailing address of the I5A/US 
CommuBooer of Paienu and Trademarks 
Box PCT 

WaihtQgtoii, D.C. Kmi 
FacsimUe No. (703) 305-3230 



rized officer 

JOHN R. LEI 
eicphone No. (703) 308-O956 



Form PCT/ISA/210 (second shectKJuIy l992)a 



BNSOOCID: <WO 9731 245A1 > 



